1. INTRODUCTION {#sec1-1}
===============

Cardiovascular disease is an important predictor of mortality in hemodialysis patients ([@ref1]). Inflammation is considered one of the key factors in accelerating atherosclerosis and endothelial dysfunction.

The uremic state is associated with an altered immune response ([@ref2]) and intermittent stimulation by endotoxins from the dialysis water supply and artificial vein grafts or bio incompatibility caused the increased inflammatory proteins, such as C-reactive protein (CRP) ([@ref3]). In addition to inflammatory marker, CRP as a mediator for developing atherosclerosis, directly affect endothelial cells, monocytes-macrophages and smooth muscle cells. ([@ref4]). CRP is produced by the liver under the control of various proinflammatory cytokines, but mainly by hepatocytes in response to IL-6.

Among the various cytokines, IL-6 was found to be most closely related to mortality in both hemodialysis and pre dialysis patients ([@ref5]) and to be associated with more causes of inflammation than other cytokines ([@ref6]).

IL-6 increases the risk of atherosclerosis through metabolic, endothelial and coagulant mechanisms. In hemodialysis patients elevation of IL-6 is associated with carotid atherosclerosis ([@ref7]).

Inflammation is associated with a prothrombotic tendency even in acute renal disease ([@ref8]). Among the non-classic cardiovascular risk factors, plasma fibrinogen, D-dimer and von Willebrand factor (vWF), are potential markers of cardiovascular morbidity ([@ref9]). D-dimer levels are significantly higher in renal insufficiency ([@ref10]). Renal dysfunction is identified as a state of activated coagulation due to the elevated D-dimer levels, which are not cleared by the kidney ([@ref11]).

The vWF, a marker of endothelial injury, showed a positive correlation with total mortality in the hemodialysis patients. Chronic endothelial cell activation, but not platelet activation, is related to all-cause mortality in patients in chronic hemodialysis ([@ref12]).

In this context, renal failure can be viewed as a clinical model of mild, protracted systemic inflammation that is intrinsically associated with endothelial dysfunction and hemostatic activation, which are all important mediators of atherosclerosis and thrombotic events.

The contribution of cardiovascular events to the extraordinary high mortality in end-stage-renal disease has generated some interest in non-traditional atherosclerotic risk factors, such as Lipoprotein (a) \[Lp(a)\]. High concentrations of Lp(a) are considered a major risk factor for atherosclerosis ([@ref13]). Lp(a) is frequently elevated in hemodialysis patients ([@ref14]).

In hemodialysis patients, fibrin clot properties are markedly altered. The structure and function of the fibrin clot are modulated by several environmental and genetic factors. Lp(a) ([@ref15]) and CRP ([@ref16]), which along with fibrinogen are significantly elevated have also been reported to reduce clot permeability and susceptibility to lysis ([@ref17]).

Hypoalbuminemia is associated with cardiovascular disease in general population as well as in hemodialysis patients. It has been found a significant correlation of IL-6 and hypoalbuminemia which is considered as a powerful predictor of mortality ([@ref18]).

A significant inverse relationship was also found between Lp(a) and albumin ([@ref19]). Hypoalbuminemia can induce a hypercoagulable and atherogenic state ([@ref20]).

2. AIM {#sec1-2}
======

The aim was to study relationships between inflammation, Lp(a) and hypercoagulability in hemodialysis patients with no evidence of cardiovascular disease.

3. MATERIALS AND METHODS {#sec1-3}
========================

In this study were included 78 patients, undergoing maintenance hemodialysis treatment in the Clinical Centre in Prishtina, for a period longer than 6 months. Age range was from 24 to 65 year. We selected the patients with no evidence of cardiovascular disease history. Patients were divided in two groups: 40 patients (22 female and 18 male) with elevated CRP levels over than 10 mg/L and 38 patients (18 female and 20 male) with CRP levels in the normal range. 40 healthy people (18 females and 22 males), were a control group.

CRP was measured by the turbidimetric method based in combines of CRP with specific antibody.

IL-6 was measured with Enzyme Linked Immunosorbent Immunoassay (ELISA).Diazyme's Lipoprotein (a) assay is based on a latex enhanced immunoturbidimetric method.D-dimer was determined by the immuno-turbidimetric assay with monoclonal antibodies F(ab)~2~ fragments to the D-dimer epitope.Fibrinogen was determined based on Clause's method by measuring of ratio of fibrin formation.Won Willebrand factor (vWF) was measured by ELISA and expressed as a percentage of normal value.Serum albumin was determinate with bromocresol purple.

4. RESULTS {#sec1-4}
==========

Serum concentration of CRP, IL-6, Lp(a), fibrinogen, D-dimer and vWF in hemodialysis patients were significantly higher than in controls (24.40 ± 15.20mg/L vs 6.39 ± 1.20 mg/L p\<0.001, 1.92 ± 1.39 pg/ml vs 0.35 ± 0.29 pg/ml, p \< 0.001; 28.05 ± 8.23 mg/dl vs 16.25 ± 3.78 mg/dL, p\<0.001; 3.44 ± 0.93 g/L vs 2.55 ± 0.77 g/L, p\<0.01; 1.81 ± 1.10 µgFEU /ml vs 0.50 ± 0.32 µgFEU /ml, p\<0.01; 152.9 ± 40.8 % vs 85.6 ± 20.5 %, p\<0.001 ([Table 1](#T1){ref-type="table"}), whereas serum albumin was significantly lower (32.10 ± 6.05 g/L vs 40.50 ± 3.90 g/L, p\<0.001 ([Table 1](#T1){ref-type="table"}).

###### 

Biochemical parameters (means and SD) in hemodialysis patients and healthy controls
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Serum concentration of IL-6, Lp(a), fibrinogen, D-dimer, v WF, were significantly higher and serum albumin was significantly lower in patients with elevated CRP levels than in patients with CRP levels in normal range. (3.06 ± 1.07 pg/ml vs 0.77 ± 0.27 pg/ml, p\<0.01; 32.80 ± 7.37 mg/dL vs 23.30 ± 6.0 mg/dL, p\<0.001; 3.88 ± 0.62 g/L vs 3.0 ± 0.97 g/L, p\<0.01; 2.28 ± 1.19 µgFEU /ml vs 1.35 ± 0.75 µgFEU /ml, p\<0.01; 173.99 ± 47.96 % vs 131.88 ± 11.80 %, p\<0.001; 27.81 ± 5.25 g/L vs 36.39 ± 2.94 g/L, p\<0.001 ([Table 2](#T2){ref-type="table"}).

###### 

Biochemical parameters (means and SD) in hemodialysis patients with elevated CRP and CRP in normal range
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Significant correlation exists between CRP and IL-6 in patients with high CRP levels. (r = 0.94, p\<0.001). CRP and IL-6 correlated positively with Lp(a), (r = 0.62, p\< 0.001; r=0.54, p\<0.001), fibrinogen (r = 0.63, p\< 0.001; r = 0.49, p\<0.01), D dimer (r = 0.72, p\<0.001; r = 0.55, p\<0.01), vWF (r=0.76, p\<0.01; r=0.63, p\<0.001) and negatively with serum albumin (r = -0.80, p\<0.01; r = -0.60, p\<0.001), in patients with elevated CRP ([Table 3](#T3){ref-type="table"}). There was no correlation in patients with CRP levels in normal range or in controls.

###### 

Correlations of all parameters in haemodialysis patients with elevated CRP (CRP \> 10 mg/L)
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5. DISCUSSION {#sec1-5}
=============

Chronic inflammation, predicts all-cause and cardiovascular mortality in hemodialysis patients in short- and long term studies ([@ref21]), In hemodialysis patients, serum IL-6 level is known to be much higher than in general subjects, and is associated with mortality ([@ref7]). Much more IL-6 predict outcome of hemodialysis patients.

In this study CRP and IL-6 were significantly higher in patients than in controls (24.40 mg/L vs 6.39 mg/L, p\<0.001; 1.92 pg/ml vs 0.35 pg/ml, p \< 0.001 ([Table 1](#T1){ref-type="table"}) and their positive correlation is significant (r = 0.94, p\<0.001 ([Table 3](#T3){ref-type="table"}).

Pathways that might mediate the association between renal dysfunction and cardiovascular risk are the inflammatory and coagulation cascades. Activation of hemostasis is a common feature of uremia and its link with inflammation, has been reported ([@ref22]).

In this study serum concentration of fibrinogen and D-dimer in patients were significantly higher (3.44 g/L vs 2.55 g/L, p\<0.01; 1.81 µgFEU /ml vs 0.50 µgFEU /ml, p\<0.01) than in controls.

Atherosclerosis is initiated through endothelial abnormalities and elevated plasma concentration of fibrinogen and putative markers of endothelial dysfunction including vWF ([@ref23]).

Hemodialysis patients presenting thrombotic complications had significantly elevated vWF levels ([@ref24]).

We also found significantly higher levels of vWF in patients compared with controls (152.9 % vs 85.6%, p\<0.001 ([Table 1](#T1){ref-type="table"}). Comparing the two groups, D-dimer fibrinogen and vWF levels were higher in patients with elevated CRP than in patients with CRP levels in normal range (2.28 µg FEU /ml vs 1.35 µgFEU /ml, p\<0.001; 3.88 g/L vs 3.00 g/L, p\<0.001; 173.99% vs 131.88%; p\<0.001 ([Table 2](#T2){ref-type="table"}).

IL-6 is demonstrated to increase the risk of atherosclerosis through metabolic endothelial and coagulant mechanisms, increasing the hepatic release of fibrinogen as well as having procoagulant effects of platelet ([@ref25]).

We also find positive correlation of IL-6 with fibrinogen, (r = 0.49, p\<0.001), D dimer (r = 0.55, p\<0.01), and vWF (r = 0.63, p\<0.001 ([Table 3](#T3){ref-type="table"}) in patients with high CRP levels. Based on results inflammatory response coexists with endothelial dysfunction. Increased levels of Lp (a) is an independent risk factor for coronary disease.

Lp(a) mean value was significantly higher in patients than in controls (28.05 mg/dl vs 16.25 mg/dL, p\<0.001 ([Table 1](#T1){ref-type="table"}), Lp(a), occurs at high concentrations largely because of reduced clearance, or as a result of increased hepatic synthesis induced by an acute phase reaction or by proteinuria.

Lp(a) was significantly higher in patients exhibiting elevated CRP than to those with CRP in normal range, (32.80 mg/dL vs 23.30 mg/dL, p\<0.001 ([Table.2](#T2){ref-type="table"}). A close relationship exist between Lp(a) levels and inflammation, as shown by correlations with CRP and IL-6 (r = 0.62, p\< 0.001 ; r=0.54, p\<0.001 ([Table 3](#T3){ref-type="table"}).

Both end-stage renal disease and thromboembolic coronary events have been shown to be associated with the formation of dense fibrin clots resistant to fibrinolysis.

There are evidences that Lp(a) reduce clot permeability and susceptibility to lysis ([@ref17]). A significant positive correlations of Lp(a) were observed with D-dimer (r=0.64, p\<0.001), fibrinogen (r = 0.61, p\<0.001) and vWF (r = 0.74, p\<0.001 ([Table 3](#T3){ref-type="table"}). Patients with high CRP showed evidence of a higher degree of hyper coagulation than patients with CRP levels in normal range. Thus, hemostatic abnormalities may be affected to other cardiovascular risk factors as Lp(a).

Based in results chronic hemodialysis may be a marker for systemic inflammation, which in turn is associated with high levels of Lp(a) and hypercoagulability.

IL-6 is known to be associated with the severity of hypoalbuminemia in hemodialysis patients ([@ref18]).

We also find that CRP and IL-6 correlated negatively with serum albumin (r = -0.80, p\<0.01; r = -0.60, p\<0.001 ([Table 3](#T3){ref-type="table"}), which proved that hypoalbuminemia in hemodialysis patients is partially a consequence of inflammation.

Inverse relationship existed also between serum albumin and Lp(a) in patients with elevated CRP (r = -0.58, p\<0.05 ([Table 3](#T3){ref-type="table"}). This correlation is a significant indicator for cardiovascular death of hemodialysis patients ([@ref26]). Albumin levels correlated negatively with D-dimer and vWF in patients with elevated CRP (r = -0.81, p\<0.001; r = -0.74, p\<0.01 ([Table 3](#T3){ref-type="table"}). The negative correlation of albumin with D- dimer and vWF confirm that hypoalbuminemia is associated with hypercoagulability.

6. CONCLUSION {#sec1-6}
=============

A persistent inflammatory response and high levels of Lp(a), in hemodialysis patients, may contribute to coagulation activation and increased cardiovascular risk. These elevations were apparent even among patients with no evidence of clinical or subclinical cardiovascular disease.
